level (ICC-MP)
, whereas a lack of signalling favours development of the smooth muscle phenotype [15] . Neural crest cells (NCC) enter the GIT at week 4, migrate rostrocaudally to reach the terminal hindgut by week 7, and differentiate into neurons and glia. Neurons and glia aggregate into ganglion plexus in the myenteric region [20] [21] [22] . The submucosal plexus form approximately 2-3 weeks after the myenteric plexus. Smooth muscle differentiation follow NCC colonization of the GIT within a few weeks, also mature in a rostrocaudal direction [23] . Immunohistochemical studies have shown c-kit expressing cells in the human foetal GIT: in the stomach at 9.5 weeks, in the small bowel at 9 weeks and in the colon at 10 to 12 weeks [23] [24] [25] [26] .
In all of the mentioned organs, c-kit expressing cells firstly emerge in the myenteric plexus region, but although some authors designate them ICC-MP, others think that they are 'the pool of ICC precursors'. However, some authors have identified kit
ϩ cells within myenteric plexus at week 12; these then move to the periphery of ganglia by week 14 [22] . [27, 28] [29] [30] [31] [32] [33] [34] [35] .
ICC show different distribution patterns and morphological features depending on their anatomical locations, according to which they are classified into several subtypes

. At least five functional subtypes of ICC exist within the tunica muscularis of the stomach: ICC-MP form a cellular network around the myenteric plexus in the space between the circular and longitudinal muscle layers; ICC of the circular muscle (ICC-CM) are located within the circular layer; ICC of the longitudinal muscle (ICC-LM) are within the longitudinal layer; ICC of the submucosa (ICC-SM) are found at the interface between the submucosal connective tissue and the innermost muscle layer and ICC of the septa (ICC-SEP) are in the connective tissue septa which surround SMC bundles of the muscle layer. ICC are more numerous in the corpus and antrum than in the fundus of the human stomach
ICC have a central place in research examining gastrointestinal contractions and the aetiology and pathogenesis of various motility disorders. Motility disorders, which are prevalent in the stomach, are characterized by abnormal frequency or amplitude of the slow waves and may be linked to ICC abnormalities [36, 37] [38] [39] [40] [41] [42] . Histopathological studies on GI stromal tumours showed that they were immunopositive for the c-kit protein [43] .
Investigation 
Materials and methods
The study material consisted of 7 human embryos and 28 human foetuses, 7-27 weeks of gestational age ( Fig. 1A and B) . (Fig. 1K) (Fig. 1J) .
The described groups of c-kit-IR -cells are NSE-IR, confirming that they represent the inception of the myenteric plexus ganglia. The belt of c-kit-IR cells is present throughout the stomach circumference, except in the fundus, where it is very thin or absent (Fig. 1C). C-kit-IR cells are irregular, with large oval or round nuclei. They have small bodies with few interconnecting thin cytoplasmic processes (Fig. 1B, E and F).
Foetal period: 9 to 27 weeks
At 9-10 weeks, the c-kit-IR cells are clearly located at the myenteric plexus level and c-kit-IR cells are not present within the circular muscle layer (Fig. 1D). They are densely packed and encircle small groups of c-kit-IR -cells in a manner similar to that described for the embryonic period of development. At 11-12 weeks, numerous c-kit-IR cells are present at the myenteric plexus level (Fig. 1G, H and I). These cells are pleomorphic, but their shape seems to be different from the cells described for 7-8 weeks. Most have ovoid or triangular cell body with three or four processes by which they connect to each other, forming three-dimensional networks between muscle layers (Fig. 1G and I). ICC processes commonly branch further into secondary processes, which are also c-kit-IR (Fig. 1G and H). Some c-kit-IR cells completely encircle the myenteric plexus ganglia, but neither these cells nor their processes are present inside the ganglia
In (Fig. 2G) . (Fig. 2H) .
ICC-MP, ICC-CM, ICC-SEP and ICC-LM are present in the antrum. ICC-CM appear to be interconnected into long rows, extending parallel to the longitudinal axis of the muscle bundles. Some of these cells possess branches which connect them to cells in neighbouring parallel rows
Interestingly, c-kit-IR cells were found around the blood vessels in the circular muscle layer of the stomach. These cells are elongated, spindle-shaped and placed with their longitudinal axis parallel to the longitudinal axis of the blood vessel (Fig. 2I and J) . They are frequently interconnected into long rows extending along the blood vessel walls (Fig. 2I) .
In the sixth and seventh months of development all of the above-described c-kit-IR ICC are distributed as in previous developmental stages. ICC are most commonly bipolar, spindle shaped, with a pair of long cytoplasmic processes each on opposite ends (Fig. 3A) . They appear to be linearly interconnected into long rows of cells (Fig. 3B) . Sometimes bipolar ICC have branches (Figs 2H and 3C) . Spindle-shaped ICC with a single long cytoplasmic process are also present, but we cannot tell with certainty if these are unipolar cells or are merely the consequence of sectioning (Fig. 3D) . ICC with irregular shapes and multiple processes are also numerous and branching, interconnected into three-dimensional networks. 
which has at least four processes (arrow). (J) 14 weeks, corpus. In the submucosa, isolated round c-kit-IR mast cell is seen. (K) 11 weeks, corpus. The arrow indicates ICC closely apposed around a ganglion. These cells can be considered ICC-MP. (L) 12 weeks, antrum. Two spindle-shaped ICC-CM (arrows) within the circular muscle layer. CM, circular muscle layer; MP, myenteric plexus; SM, submucosa; L, lumen; Li
Fig. 2 c-kit immunohistochemistry. (A-J) Foetuses aged 15-27 weeks. (A) 21 weeks, corpus. Three ICC are interconnected (arrow) within a connective septa that envelops a bundle of smooth muscle cells. These cells can be considered ICC-SEP. The arrowhead indicates ICC-CM. (B, C) 20 weeks, corpus. Two spindle-shaped ICC-SEP (arrows) are perpendicular to the direction of the muscle bundles they envelop. These cells have two long processes starting at the opposite poles of the cell. (D, E) 20 weeks, corpus. Cross-section of two ICC-CM within muscle bundles. (F) 15 weeks, cardias. ICC-CM are numerous within the circular muscle layer, but there are no ICC-MP at the myenteric plexus level. (G) 20 weeks, corpus. ICC-MP, ICC-CM, ICC-SEP and ICC-LM are present. (H) 20 weeks, antrum. ICC-CM are interconnected and orientated parallel to the long axis of smooth muscle cells. An ICC-CM with two long processes, one of which bifurcates (arrow). (I) 19 weeks, antrum. c-kit-IR cells are present around the blood vessels. These cells are elongated, spindle-shaped and placed with their longitudinal axis parallel to the longitudinal axis of the blood vessel. (J) 27 weeks, corpus. Three spindle-shaped c-kit-IR cells are present around or within the blood vessel wall. O, oesophagus; S, stomach; CM, circular muscle layer; LM, longitudinal muscle layer; MP, myenteric plexus; SM, submucosa; L, lumen; BV, blood vessel. Bar: A-E
Nerve structures and neuron specific enolase immunoreactivity
Only myenteric plexus elements were present in the embryos aged 7 weeks, and they were faintly labelled. At 8 weeks the myenteric plexus was intensely labelled (Fig. 4A) . The submucous plexus was absent in the embryonic period, but it was faintly labelled in foetuses aged 9 weeks. Both the myenteric and the submucous plexuses, are present and intensely labelled in foetuses aged 12 weeks (Fig. 4B) . In the older patients, nerve structures are intensely labelled and clearly visualized. (Fig. 4D) . In this period, the cells in the myenteric plexus region and around myenteric ganglia do not express ␣SMA-IR. By 15-27 weeks, the muscle layers are intensely ␣SMA-IR. (Fig. 4F ) . [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [23] [24] [25] [26] [15, 17, 19, [44] [45] [46] According to some authors [22] , the longitudinal and circular muscle layers appear at the same time in the human GIT. However, we have found that, in the stomach, the longitudinal muscle layer appears after the circular muscle layer. Such delayed maturation of the longitudinal muscle layer has been reported in the human foetal gut [23] .
␣-smooth muscle actin immunoreactivity and desmin immunoreactivity in smooth muscle layers
At the end of the embryonic period of development (7-8 weeks), ␣SMA-IR is present in the stomach wall in the form of a wide belt of cells (Fig. 4C). This belt incorporates the cells which will form the circular muscle layer, cells in the region of the myenteric plexus (around the myenteric ganglia) and cells external to ganglia. At weeks 11 and 12, ␣SMA-IR is present in the circular and longitudinal layers, although the longitudinal layer is extremely thin
In the embryos aged 7-8 weeks, Des-IR is very faint and present in the form of a thin row of cells which will form the circular layer. Des-IR is not present in the myenteric plexus region (in the cells around ganglia), nor in the cells external to this region. At 9-10 weeks, Des-IR is present in the whole of the circular muscle layer, but not in the region of myenteric plexus or in the portion external to this region (Fig. 4E). At 11-12 weeks, Des-IR is intense in both circular and longitudinal muscle layers, although the longitudinal layer is very thin
Fig. 4 Neuron-specific enolase (NSE-IR), ␣-smooth muscle actin (␣-SMA-IR) and desmin (Des-IR) immunohistochemistry. (A, B) NSE-IR; (C, D) ␣-
SMA-IR; (E, F) DES-IR. (A) 8-week-old embryo, corpus. The myenteric plexus elements are present (arrow). (B) 11-week-old foetus, corpus. Both the myenteric and submucous plexuses (arrow) are present. (C) 8-week-old embryo, antrum. ␣-SMA-IR is present in the form of a wide belt of cells that incorporates the cells that would form the circular muscle layer, cells in the region of the myenteric plexus (around the myenteric ganglia) and cells external to this region. (D) 11-week-old foetus, corpus. Both the circular and the longitudinal muscle layers are ␣-SMA-IR. (E) 10-week-old foetus, antrum. DES-IR is intense in the thin circular muscle layer. (F) 11-week-old foetus, corpus. Both the circular and the longitudinal muscle layers are DES-IR. The longitudinal muscle layer is very thin (arrow)
.
Discussion
The results of this investigation indicate that c-kit-IR cells are present in the human stomach wall at the end of embryonic period of development (seventh and eighth weeks). This group of cells is designated as a 'pool of ICC precursors'. The finding that these cells firstly emerge at the myenteric plexus level is in agreement with the previous studies
In the human GIT, the submucous plexus formed approximately 2-3 weeks after the myenteric plexus, arising from cells which migrated centripetally through the circular muscle layer from myenteric region [22, 23] [23] [24] [25] [26] . The time of emerging of certain ICC subtypes was shown in Table 3 . An identical sequence of appearance for certain ICC subtypes was described in the human intestine, but in later phases of development [23] [24] [25] [26] . In the middle of the third month of development, ICC develop first in the myenteric plexus region (ICC-MP) via the differentiation of c-kit-IR precursors. These cells correspond to ICC-MP in the adult human stomach [27] [28] [29] . C-kit-IR ICC differentiate within the circular muscle layer before those located within the longitudinal muscle layer. These cells correspond to adult ICC-CM and ICC-LM [30, 34] . A final c-kit-IR ICC type appears within the connective tissue septa, which envelop the muscle bundles. This cell type has been described in adults [33] , and may be designated ICC-SEP.
In a large number of samples c-kit-IR ICC were observed around the blood vessels which penetrate the circular muscle layer. However, we cannot tell with certainty whether these cells lie around the blood vessel or participate in the structure of the blood vessel wall, taking into account the fact that c-kit-IR cells have been found in the blood vessel walls in other organs [47, 48] . 
An important result of this study is the establishment of ICC-MP, ICC-SEP and ICC-IM presence in the human stomach wall in
